From August 1992 to August 1999, 44 patients received allogeneic haematopoietic stem cell transplantation in a single institution. The donors were HLA-identical siblings except for one who was a phenotypically matched father. Thirty-eight patients received bone marrow stem cells and the others received peripheral blood stem cells or umbilical cord blood (UCB). The mean age at transplant was 10.7 ± 5.1 years, ranging from 1.8 to 21 years. Patients received busulphan (16 mg/kg) and cyclophosphamide (150 to 200 mg/kg) as conditioning, and antithymocyte globulin was given to 42 patients to prevent graft rejection. All had engraftment except a patient who received a UCB transplant. Four patients died from early treatment-related mortality, and one died from interstitial pneumonitis 3 months after transplant. Two patients developed secondary graft rejection and both received a second transplant. Thirty-eight patients survived and all except one were transfusion independent. The 5-year overall and event-free survival rates were 86% and 82%, respectively. By multivariate stepwise Cox proportional hazard analyses, severe veno-occlusive disease (VOD) of liver and Pesaro class 3 features were the significant factors associated with survival. Patients aged more than 11 years were more inclined to develop VOD. In conclusion, haematopoietic stem cell transplantation should be performed early if an HLA identical sibling is available.
and some patients may not be compliant. Haematopoietic stem cell transplantation (HSCT) is the only curative treatment for TM and has been reported by various centres. [3] [4] [5] However, data about HSCT in the Chinese are scarce but the results of an earlier report indicate an inferior outcome as compared to Western experiences. 6 This study aimed at analysis of the factors affecting outcome of TM patients after HSCT and reported a high cure rate in Chinese TM patients.
Patients and methods
All TM patients who received HSCT in the Prince of Wales Hospital, Hong Kong, were included in the study. From August 1992 to August 1999, 44 TM patients received allogeneic HSCT. Except for one child of Indian origin, all the other patients were of southern Chinese origin. The patients were all transfusion dependent and required regular blood transfusion once every 3 to 4 weeks. The median age of diagnosis of TM was 0.5 years, ranging from newborn in a haemoglobin Barts patient to 4.3 years. Desferrioxamine was started for iron chelation after the patients had received regular transfusion for 1 to 2 years. Three patients had not been started on desferrioxamine because of their young age at the time of HSCT. Age, and other pre-transplant characteristics are shown in Table 1 . Liver biopsies were performed on 37 patients. The remaining seven patients did not have a biopsy, either because of their very young age or because they had been transplanted at an earlier stage of the programme. Grading of risk factors according to the Pesaro classification was performed for patients for whom complete information was available. 7 Exclusion criteria for HSCT were presence of cirrhosis of the liver, HIV positivity or cardiomyopathy. Informed consent from parents, or patients if appropriate, was sought.
The donors were all HLA-identical siblings except for one, who was a phenotypically matched father. Thirty-eight patients received bone marrow, while three received peripheral blood stem cells, two received umbilical cord blood and one had a combination of cord blood and bone marrow. Conditioning was busulphan 1 mg/kg p.o. four times per day for 4 days (total 16 mg/kg), cyclophosphamide 50 mg/kg i.v. for 4 days if the patient was less than 11 years of age, or 50 mg/kg i.v. for 3 days for older patients (150 to 200 mg/kg). Antithymocyte globulin (ATG) was given to all except the first two patients, to prevent graft rejection. The first 20 patients received ATG at 10 mg/kg i.v. daily from day −5 to day +5 (total 11 days), whereas the subsequent 20 patients received 30 mg/kg i.v. daily for 3 days from day −3 to day −1. The median transplanted nucleated cell dose of BM or PBSC was 4.6 × 10 8 /kg, ranging from 2.5 to 18.6 × 10 8 /kg. Graft-versus-host disease (GVHD) prophylaxis was cyclosporin 3 mg/kg/day i.v. from day −1 and methotrexate on days +1, 3, 6 and 11. Cyclosporin was administered orally when the patient could tolerate oral feeding, and gradual tapering was started from day 50 and discontinued by day 180. Monitoring of CMV reactivation was initially done by shell vial culture and later by CMV pp65 antigen assessment. Ganciclovir prophylaxis was initially given to all patients but later on, according to CMV antigenaemia.
Pre-transplant patient characteristics were collected. Outcome parameters included treatment-related complications, namely veno-occlusive disease of the liver (VOD), GVHD, transplant-related mortality (TRM), survival and event-free survival. Severe VOD was defined as a serum bilirubin level of more than 200 mol/l which required diuretic and analgesic treatment. Events were defined as death or rejection of the donor cells. Continuous variables were expressed as median and range.
Overall and event-free survival (EFS) were estimated by the Kaplan-Meier method. An event was defined as death or the recurrence of thalassaemia. Differences in survival were assessed by the log-rank test. Since conditioning was according to age and patients over 16 years were regarded as adults, patients were divided into three groups: less than 11 years, 11 to 15.9 years, 16 years or above. The potential factors were analysed with outcome by univariate and multivariate Cox proportional hazards and logistic regression models. Statistical significance was considered to be reached at P Ͻ 0.05. Data were analysed by SPSS for Windows (Release 10.1).
Results
A 10-year-old girl failed to engraft after UCB transplant. The nucleated cell dose transplanted was 2.9 × 10 7 /kg. She experienced autologous bone marrow recovery and again became transfusion dependent. Four patients died before day 50 because of TRM. They all had severe VOD and interstitial pneumonia. No organisms were identified, including CMV. Post-mortem examination showed diffuse alveolar damage of the lung. These four patients were aged between 12 and 17 years. One patient had stable engraftment but developed interstitial pneumonitis on day 103. He died from respiratory failure and post-mortem examination showed diffuse alveolar damage. Two patients, both aged 12 years, had initial engraftment and became transfusion independent. However, secondary graft rejection occurred 5 and 8 months post transplant and marrow aplasia developed. Second transplants were performed in these two patients with the same BM donors. The first one did not engraft and subsequently died from complications of marrow aplasia. The second one had successful engraftment and remained in complete donor chimerism up to 30 months after the second transplant. CMV disease was not documented in any of the patients.
Thirty-eight patients survived and 37 remained transfusion independent. The median follow up was 65 months, ranging from 20 months to 105 months. The 5-year overall survival and EFS of the whole group were 86% and 82%, respectively. The overall survival according to age group was 96%, 86% and 63% for age less than 11 years, 11 to less than 16 years, and 16 years or above, respectively (P = 0.03) (Figure 1 ). The EFS were 91%, 79% and 63% for the three groups respectively, and there was no significant difference (P = 0.13). According to the Pesaro classification, the overall survival was 100%, 88% and 57% for class 1, 2 and 3, respectively (P = 0.036). The EFS was 100%, 80% and 57% for class 1, 2 and 3, respectively (P = 0.1). Age at transplant was an important factor for survival. The other pre-transplant factors did not have an impact on survival or EFS (Table 2) . Patients aged 16 years or older at time of HSCT had 5.9 times risk of mortality as compared to younger patients (P = 0.03). Presence of VOD did not affect survival, but severe VOD was associated with 20 times the risk of mortality. Pesaro class 3 was associated with a higher risk of mortality, risk ratio of 5.768. Hepatic fibrosis also had a borderline adverse effect on survival (P = 0.054). There were four deaths among the 11 patients with hepatic fibrosis, but there was only one death among patients without hepatic fibrosis. By multivariate Cox regression, Pesaro class 3 and severe VOD were the two important factors associated with mortality. Severe VOD was the only significant factor associated with EFS survival (P = 0.001).
Since severe VOD was a significant factor associated with survival, further analysis of predisposing factors for VOD was carried out. Patients aged less than 11 years had a decreased risk of developing VOD, odds ratio of 0.132. The greater the number of transfusions the patient had received before BMT the higher the risk of developing VOD. The other factors, including pre-transplant serum ferritin, liver enzymes and bilirubin, hepatic fibrosis and haemosiderosis did not affect the incidence of VOD. By multivariate analysis, number of transfusions before BMT was the most significant factor for VOD. GVHD occurred in 23 of 40 (57.5%) evaluable patients. Most were grade I, and eight patients had grade II GVHD (20%). None of the patients had grade III or more. Acute GVHD was treated with methylprednisolone 2 mg/kg/day and all were controlled. By univariate logistic regression analysis, haemosiderosis of liver was the only significant factor predisposing to GVHD, with odds ratio of 5.9 for grade 3 or 4 vs 1 Chimerism studies were performed by fluorescent in situ hybridisation for X and Y chromosomes if the donorrecipient pairs were sex-mismatched, or by DNA variable number tandem repeat in a sex-matched setting. Four patients did not have an informative marker for DNA chimerism, five patients died before day 50 and one had primary graft rejection. Finally, 35 patients had complete follow-up data on chimerism. Complete donor chimerism occurred in 24 patients (69%), and mixed chimerism in 11 patients (31%). One patient with mixed chimerism had graft rejection at 8 months after BMT. Of the other 10 patients, six had persistent mixed chimerism up to 9 years after transplant, ranging from 13% to 61% of recipient cells. None of these patients required blood transfusion. Quality of life of survivors was excellent. One 16-year-old patient developed diabetes mellitus 2 months after BMT and required insulin treatment. However he had had poor compliance with desferrioxamine before BMT. No patient developed cardiac disease after BMT, and body iron gradually returned to normal after BMT, either with venesection or desferrioxamine. 
Discussion
TM is the commonest hereditary transfusion-dependent anaemia in the southern Chinese. Repeated blood transfusion carries the risks of transfusion-transmitted infection, iron overload and immunomodulation. 9, 10 Successful BMT results in a normal haematopoietic system and patients are thus freed from the need for further transfusion. However, BMT also has risks of transplant-related mortality and graft rejection. The factors leading to failure have been analysed by the Pesaro Centre. 7 Hepatomegaly, hepatic fibrosis and poor compliance with iron chelation were identified as being independent prognostic factors, and a classification system according to these factors was developed and adopted by most centres. 11 Age is also an important factor when predicting outcome, with adult patients usually having a poorer outcome. 12 However, the analysis was based on experience from a single institution and the patients were mainly Caucasians. The results of BMT from centres outside Italy were in general inferior. 4, 5 The largest thalassaemia population in the world is Chinese but the data from the Chinese are scanty. 6 We have attempted to analyse transplant outcome in a homogeneous Chinese population treated in a single institution in Hong Kong.
We identified age as one of the important pre-transplant factors leading to mortality. Older patients receive many more transfusions and are thus exposed to prolonged iron toxicity of various organs. Liver biopsy for quantitative assessment of body iron is a reliable indicator. 13 However, the iron content of liver biopsy at the time of transplant may not reflect long-term toxicity. These patients may have received more intensive chelation just before transplantation. Hepatic fibrosis may be a better marker of tissue damage due to long-term iron toxicity. In the Pesaro analysis, hepatic fibrosis is an independent prognostic factor. Our study also showed a trend towards higher mortality in patients with hepatic fibrosis. By applying multivariate analysis, we found that Pesaro class 3 was associated with a higher risk of mortality that is in concordance with the Pesaro experience. The Pesaro classification is the most useful predictor for failure based on pre-transplant factors.
Four of our patients experienced early TRM and they all had severe VOD and idiopathic interstitial pneumonitis. Autopsy showed severe VOD and diffuse pulmonary damage. Pulmonary damage due to iron overload cannot be diagnosed accurately pre-transplant as most patients have normal pulmonary function. Busulphan is toxic to the lungs and may cause pulmonary fibrosis. Busulphan in conditioning probably aggravates any underlying pulmonary toxicity and contributes to mortality. Younger patients have more rapid clearance of busulphan and thus TRM is lower in young patients. 14 In our previous study, busulphan levels (area under curve) greater than 908 mol × min/l were associated with higher mortality. 15 The occurrence of VOD is related to number of transfusions and age. Thus, older patients are at risk of severe VOD and other treatmentrelated complications. Once severe VOD occurs, there is a marked increase in mortality. Special precautions should be taken to reduce TRM. We are now measuring busulphan levels in order to make adjustments if necessary.
Graft rejection seems to be more common in TM transplants. It may be related to alloimmunisation to HLA antigens due to repeated blood transfusions. Rejection rate ranges from 5% to 35%, and is higher in class 3 and adult patients. 4, 16, 17 The lower dose of cyclophosphamide used in class 3 and adult patients may contribute to the higher rejection rate in these patients. 12, 16 However, a higher dose of cyclophosphamide is associated with a higher TRM. High rejection rates are reported from centres outside Italy. The exact reason is unknown, but the widespread use of leukocyte depletion filters in Italy may reduce alloimmunisation and consequently lead to decreased rejection. 18 In our study, we used ATG routinely. There were two late graft rejections. Primary rejection after cord blood transplantation is likely to be due to the low cell dose transplanted. The 5% rejection rate for the whole group of our patients is low. However, we cannot establish whether ATG is useful in reducing graft rejection. A randomised study of ATG on graft rejection in TM is required. Grade II GVHD occurred in only 20% of patients. None of the patients had grade III GVHD or more. This low GVHD incidence may be related to the relatively young age of our patients or to the homogeneity of the population in southern China. Severe haemosiderosis is the only significant factor associated with GVHD. Iron deposits in the skin and other tissues may cause a predisposition to GVHD.
The overall and event-free survivals of the whole group were 86% and 82%, respectively. Patients younger than 11 years had excellent event-free survival. Thus, patients should be transplanted early, before severe iron toxicity develops. We observed mixed chimerism in 31% of patients after BMT, and one patient finally rejected the graft. Six patients (18%) had persistent mixed chimerism but none of them required blood transfusions even when the recipient cells were as high as 61%. Mixed chimerism is common in TM after BMT, 19 and some patients may finally develop graft rejection. However, some patients may run a more benign course and may not require blood transfusions for many years. 20 It has also been reported that disparate lympho-erythroid mixed chimerism may also occur. 21 The use of donor leukocyte infusions should be carefully considered in patients with stable chimerism since the treatment may be associated with significant risks. 22 In conclusion, BMT for Chinese TM patients has a similar outcome as for Caucasian patients. Older age is associated with treatment failure, and transplantation should be performed early if HLA-identical siblings are available. Severe VOD is the most important cause of TRM in this group of patients.
